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SUMMARY

The main objective of this project was to conduct a careful stratigraphic
study of Quaternary nonglacial sediments on southern Whidbey Island, Washington,
in an attempt to "fingerprint" the Whidbey Formation. Once it was defined by
sedimentary petrologic criteria, we hoped to be able to correlate outcrops of
the Whidbey Formation on Whidbey Island. The ultimate goal was then to cor-
relate stratigraphically equivalent units within the Whidbey Formation across
a proposed major tectonic structure, and determine the amount of vertical
tectonic movement (if any) along the structure.

Five representative outcrops on southern Whidbey Island, which contain
thick sections of nonglacial sediments previously assigned to the Whidbey'
Formation, were described, measured, and sampled. Descriptions of 1lithology,
texture and sedimentary structures were made. Representative samples of peat
and wood fragments were collected and radiocarbon dated. Lab tests performed
on the samples include grain size analyses by sieving énd hydrometer methods,
clay mineralogy by X-ray diffractometry, and heavy mineral analyses by heavy
liquids and magnetic separation. The following conclusions were drawn:

1. Correlation of sedimentary units within the Whidbey Formation on southern
Whidbey Island cannot be made using field criteria, for the following
reasons:

a. Numerous erosional unconformities are present which eliminate layer-
cake stratigraphy and produce complex stratigraphic relationships.

b. Horizontal facies changes are common, which increase the difficulty
of characterizing and tracing Whidbey Formation sedimentary units,
especially across covered areas.

c. There are few distinctive horizons in the Whidbey Formation sediments,

and those which are present are only found in single outcrops.



d. All radiocarbon age dates from the Whidbey Formation are infinite
(greater than 40,000 years B.P.), prohibiting correlation of sedimen-

tany.units by their age.

Since identification of sedimentary units or sequences of units in the

Whidbey Formation is not possible, correlation across the proposed tectonic

structures of previous workers cannot be made.

2.

Sedimentary units within the Whidbey Formation on southern Whidbey Island
cannot be identified by grain-size properties, clay mineralogy, or heavy
mineral composition. The sediments are characterized by homogeneous tex-
tural and mineralogic compositions, with variations within Whidbey Formation
units just as great as between units, and variations within the Whidbey
Formation nonglacial sediments just as great as between Whidbey Formation,
younger(?) nonglacial, and glacial sediments. The similarity of the pro-
perties of nonglacial and glacial sediments on southern Whidbey Island

even prohibits characterization of these depositional environments by sedi-
mentary petrologic criteria. Apparently, the homogenization of Pleistocene
sediments is the result of continual erosion and reworking of sediments prior
to deposition. Since no distinctive units or beds have been identified by
laboratory analyses, the horizontal tracing of sedimentary units within the
Whidbey Formation over long distances is not possible, and correlation of
Whidbey Formation sedimentary units across proposed tectonic structures cannot
be made.

Three independent Tines of evidence suggest that the nonglacial sediments in
the Double Bluff East section are significantly younger than the nonglacial
sediments at the type locality of the Whidbey Formation (Double Bluff West),

and may record deposition during the Olympia Interglaciation:

ii



a. Double Bluff East nonglacial sediments are separated from Double
Bluff West sediments by an erosional unconformity. _

b. If peat clasts found in the Double Bluff East nonglacial sediments
are reworked from Double Bluff West sediments, the Double Bluff East
sediments should be substantially younger, since the peats would have
to have been compacted and tough to survive reworking without disinte-
grating. Whether the sediments represent a younger Whidbey Interglaciation
age or an Olympia Interglaciation age cannot be determined.

c. The Double Bluff East section apparently récords an uninterrupted tran-
sition from nonglacial to glacial (Fraser glaciation) sedimentation, which
suggests a finite age for the‘Doub]e Bluff East nonglacial sediments.

The lack of datable organic material in the nonglacial sediments pro-
hibits verification.

Radiocarbon age dates from the base of the Esperance Sand suggest that out-

wash marking the beginning of the Fraser glaciation in the northern Puget

Lowland had reached as far south as southern Whidbey Island by 22,000 to

23,000 years B.P., significantly earlier than previously reported.
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INTRODUCTION

Puget Sound is a seismically active area. In the last forty years, four
damaging earthquakes (magnitudes 5.8 - 7.1) have shaken the région. These
four quakes, plus scores of smaller ones, have raised interest in Puget Sound
tectonics. Numerous organizations are presently involved in geologic research,
attempting to better delineate the tectonic structures proposed by previous
investigators. Ultimately, the verification and accurate location of these
structures could lead to further studies concerning possible tectonically-in-
duced landsliding, sediment Tiquefaction, alteration of ground water flow
patterns, and sea level changes within Puget Sound.

Numerous investigators have provided evidence for differential crustal
movement in the Puget Lowland, with movement continuing well into the
Quaternary period. Rogers (1970) interpreted gravity and magnetic data to show
the existence of five major structural blocks in the southern part of the Puget
Lowland. He called these, from south to north, the Tacoma low, south Kitsap
high, Seattle low, Port Gamble-Cathcart high, and Marysville low (figure 1).
Rogers interprets these structural units as relatively uplifted and depressed
crustal blocks that are bounded either by faults of considerable vertical dis-
placement or by monoclinal folds with steep flexures.

Subsequent workers (personal communications: D. B. Braislin, 1973; D. D.
Hastings, 1973; and H. D. Gower, 1978) have incorporated additional data, in-
cluding seismic reflection, and have somewhat modified the interpretations of
Rogers and other earlier investigators (Stuart, 1961; Danes and others, 1965).
However, their data continue to support the concept of elevated and depressed
structural blocks separated by faults (or possibly monoclinal folds), with

major vertical displacements.
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Figure 1. — Map of Puget Sound region showing the locations of
structural blocks suggested by Rogers (1970).



Although these inferred structures are not clearly relatable to present
seismic activity (Crosson, 1974, 1975; Crosson and Millard, 1975; Crosson and
Noson, 1978a, 1978b), the structures have probably been active during the
Quaternary period. This is suggested by the difference in thickness of
unconsolidated sediments, which conforms in a general way to the inferred
pattern of uplifted and downdropped structural blocks (Hall and Othberg, 1974).
The uplifted blocks have a thinner cover of unconsolidated sediments than the
downdropped blocks (figure 2). Since some, and perhaps most of these sediments
are Quaternary, and since they vary in thickness fkom zero on upthrown blocks
to 3,600 feet on downthrown blocks, the basins in which the sediments were
deposited must have been subsiding or have subsided at the time of deposition.

When considered over a longer period of time, relative displacements
between Puget Lowland crustal blocks may be very large. For example, between
the Seattle low and south Kitsap high, one interpretation of gravity and mag-
netic data suggests relative subsidence of the Seattle low of as much as ten
kilometers since the Oligocene (Othberg and Danes, 1975).

Although the Puget Lowland is a tectonically active region, few instances
of surface ground breakage by faults are known. Reasons for the lack of recog-
nizable faults may be: (1) vegetation is commonly dense, resulting in poor
surface exposure of faults; (2) earthquake foci are usually rather deep (about
50 km) in the Puget Lowland; (3) the Puget Lowland is largely covered by a
thick mantle of Quaternary sediments, which absorb movement along bedrock faults
before such movement reaches the surface; and/or (4) most of the Lowland is
covered by drift deposited during the latest (Fraser) glaciation (10,000 to
20,000 years B.P.), which suggests that evidence of any surface ground breakage
that may have occurred prior to the Fraser glaciation has been obliterated by

the glacier or covered by its deposits (figure 3).
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Figure 2. Schematic cross-section of suggested fault-bounded structural blocks.
Note thickening of unconsolidated sediments in the structural lows,
and thinning of sediments in the structural highs.
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BACKGROUND AND OBJECTIVES

Large scale geologic mapping of Quaternary deposits in the Puget Lowland
has been in progress for over fifteen yearé. Since this previous mapping led
to the discovery of very few faults, and since the mapping concentrated on
Fraser glaciation deposits, we chose to examine older Quaternary (pre-Fraser)
deposits in search of evidence for Quafernary fault activity. If pre-Fraser
deposits could be correlated so that thin sedimentary units of the same age
could be identified at several localities, then an estimate of the relative
uplift (if any) between the correlative sections could be made.

After considering all of the pre-Fraser stratigraphic units present in
the area, the Whidbey Formation (figure 3) was chosen for study because it was
considered to be the youngest and probably the most widespread nonglacial unit
of pre-Fraser age in the northern Puget Lowland. Also, since Whidbey Formation
sediments are presumed to have been deposited in a floodplain environment
(Easterbrook, 1968), sediments of equivalent age should have been deposited at
nearly the same elevation (elevation differences affected only by the stream
gradient). Major relative offsets among correlative stratigraphic units could
then be attributed to tectonic activity.

Examination of Whidbey Formation sediments was Timited to southern Whidbey
Island, Island County, Washington (figure 4). Whidbey Island was selected as
the study area for the following reasons: (1) most earlier investigators have
suggested a major fault(s) trending SE-NW across the island somewhere between
Double Bluff and Lake Hancock (figure 4). This structure separates the Poft
Gamble-Cathcart high from the Marysville Tow of Rogers (1970) (figure 1);

(2) the Whidbey Formation, the major pre-Fraser nonglacial unit found in the
sea cliffs of the northern Puget Lowland, is well exposed at its type locality

near Double Bluff (Easterbrook, 1968) and fairly well exposed at several other
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Figure 4. — Index map of southern Whidbey Island, showing
locations of sections.



localities on Whidbey Island; and (3) a few outcrops of the Whidbey Formation
on Whidbey Island are known to be faulted or folded, although the cause of defor-
mation is unknown.

The main objective of this project was to conduct careful stratigraphic
studies, in hopes of "fingerprinting" the Whidbey Formation. Once it was
defined by sedimentary petrologic criteria, we hoped to be able to correlate
outcrops of the Whidbey Formation on Whidbey Island, The ultimate goal of this
project was to then correlate stratigraphically equivalent units within the
Whidbey Formation across a proposed major tectonic structure and determine the

amount of vertical tectonic movement (if any) along the structure.

FIELD OBSERVATIONS

Five representative outcrops on southern Whidbey Island, which contain
thick sections of nonglacial sediments, were described, measured, and sampled.
The nonglacial sediments in all five sections were previously assigned to the
whidbey Formation by Easterbrook (1968, 1969). The following is a summary of
the geologic units present at each section. Individual section profiles and
descriptions are given in Appendix A. Maps 1 through 4 show the locations of

the five sections on southern Whidbey Island.
Double Bluff

Detailed field work at the type section of the Whidbey Formation (Double
Bluff) has revealed complex relationships among the nonglacial sedimentary‘units.
An erosional unconformity near the west end of the Double Bluff section separates,
older, fine-grained nonglacial sediments from younger, coarser-grained sediments
(see Geologic Section: Double Bluff to Useless Bay, in Appendix A). Detailed
profiles and descriptions of the sections west (Section 1) and east (Section 2)

of the unconformity are given in Appendix A, and are summarized here.

8
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Double Bluff West (Section 1)

The Tower half of this section (units O through 7) is characterized by
interbedded dark gray silts and a wide variety of oxidized sand and gravel
lithologies. Many of the silt beds contain such an abundance of organic
fragments within the silt matrix that they are fibrous in nature and highly
resistant to weathering. Thin peat beds occur within‘units 3 and 5. Cross-
beds indicative of deposition by westerly flowing water are common in the
sand beds. A two foot thick peat bed approximately 60 feet above sea level
separates the lower sand and silt units from the upper clay-rich unit 8. This
upper unit is composed of massive to rhythmically bedded silty clays with
very thin (3% inch) fine-grained sand beds and a few thin peat beds.

As previously mentioned, the horizontal units of the Double Bluff West
section are abruptly terminated by an erosional unconformity (Appendix A,
Geologic Section). Sometime after deposition of the Double Bluff West sedi-
ments, the east end was eroded away, apparently by stream (or possibly ice?)
activity. Erosion was probably the result of the lateral migration of a
stream channel across a floodplain, either of Whidbey Interglaciation age or
younger. Alternatively, the erosion could be the result of ice scouring
during a glaciation (Possession) afterafhe Whidbey Interglaciation, and before
another nonglacial episode, but no evidence for glacial activity has yet been
found. Angular blocks of silt, clay, peat and stone within a sand and gravel
matrix provide evidence for colluvial activity along the unconformable surface
following erosion. Deposition of younger horizontally-bedded silts and sands
(Section 2) followed the colluvial activity.

A radiocarbon date of greater than 40,000 years B.P. (DBW #1 (UM-1753) was

obtained from the thick peat bed between units 7 and 8, indicating that at

N



least the lower half of the section is beyond the 1imit of radiocarbon dating.l/

lfSix finite radiocarbon age dates* reported in the semi-annual report
(dated by the Beta Analytic labg are apparently erroneous. Since the finite
ages of these samples would have called for major revisions in the presently-
accepted Pleistocene stratigraphy of the Puget Lowland, duplicate samples were
sent to the University of Washington radiocarbon lab for verification. All
dates reported by UW were infinite (greater than 40,000 years B.P. ). Inan
attempt to resolve this dating conflict, additional organic material for radio-
carbon dates UBE#1 and UBE#2 was sent to the Beta Analytic lab for redating.
The results of the Beta Analytic lab dating of samples UBE#1 and UBE#2 are:

UBE#1

original reported date: 28,910 +690/-630 years B.P.
recheck (weak acid pretreatment only): 35,750 +2030/-1620
recheck (weak acid & alkali treatment): 26,840 +/- 1500 years B.P.

UBE#2

original reported date: 29,325 +550/-520 years B.P.
recheck (weak acid pretreatment only): 40,545 +2420/-1860 years B.P.
recheck (weak acid & alkali pretreatment): greater than 40,000 years B.P.

The Beta Analytic laboratory has not been able to reproduce any of their
original reported finite dates. The dates they report vary, with no apparent
connection to the type of pretreatment used.

Since the University of Washington radiocarbon lab has been able to repro-
duce their infinite age dates, they are assumed to be correct and are used in
this report. John Erickson of the UW lab, and Jerry Stipp of the Beta Analyt1c
lab, are presently working together in an attempt to resolve the rema1n1ng con-
f]1ct1ng dates.

*UBE# 28,910 T090/ g3 WBE#2 29,325 T9°0/ gy
wBE#5 39,210 11730/ 1420 SH#1 29,130 970/ 539
PP#1 30,470 T10%0/_y379 DBW#T 43,250 T3200/ 558

11



Double Bluff East (Section 2)

Deposition of the sediments composing the Double Bluff East section occurred
after the erosional downcutting through the older Double Bluff West sediments.
The sediments of the Double Bluff East section are dominated by grayish-brown,
fine to medium-grained sands (Section 2, Appendix A). Occasional beds of dark
gray silt and clay (Units F and H) are interbedded with the sands.

The nonglacial sediments of the Double Bluff East section (units G through
K) differ from those of the Double Bluff West section by the dominance of sand
lithologies and lack of peat horizons at Double Bluff East. Although numerous
peat clasts are found in the Double Bluff East sediments (especially abundant
in unit K), these clasts are detrital and record erosion and reworking of peat
beds from older sediments. If these peat clasts are reworked from the Double
Bluff West sediments, it would imply that the Double Bluff East sediments are
significantly younger, since the peats would have to have been tough and com-
pacted to survive reworking without disintegrating. Whether they would repre-
sent a younger Whidbey Interglaciation age or an Olympia Interglaciation age
cannot be determined.

Cross-beds and ripple marks indicative of westerly flow are common in the
grayish-brown medium-grained sands at the base of the section (unit K). All
other nonglacial sand units in Section 2 are characterized by horizontal lami-
nation, making reconstruction of flow direction impossible.

A unique, traceable horizon with the nonglacial sediments is located near
the top of unit I. Approximately two feet below the contact with unit H, a 2
to 4 inch thick horizon of peat, wood, coal and pumice fragments is interbedded
with moderately well sorted, horizontally laminated, medium-grained sand. This

single thin bed is horizontally continuous for many hundreds of feet, while no

12



similar horizons occur above or below it. The significance of this association
of low-density fragments is unknown, but apparently represents a single "geologic
event", such as a flood.

Large-scale deformation features make two other units of fhe Double Bluff
East section distinctive —units H and J. Deformation in unit H varies from
broad, open folds to small diapiric structures, while flame structures up to 40
feet in height characterize unit J. When not deformed, these units are similar
to other nonglacial sediments and are not distinctive. Although the causes of
deformation are unknown, poorly sorted silty sand beds (probably deposited rapidly
and containing abundant water) at the top of each unit could have resulted in the
overloading of the sediments below, triggering deformation. Seismic lique-
faction is an alternative explanation for the deformation in unit J, but sufficient
evidence has not been found to support this hypothesis.

Units A through F of the Double Bluff East section record deposition during
the Fraser glaciation (figure 3). Unit F is characterized by extremely fine
rhythmic bedding of silt and clay (varves), which is the basis for interpreting
the unit as glaciolacustrine in origin. Units C, D and E are outwash sands and
gravels with cross-beds indicative of south-flowing streams. This Esperance
Sand (figure 3) sequence coarsens upward, as the ice front approached from the
north. Units A and B record deposition either by or in close proximity to Fraser
ice.

No evidence of erosion or weathering is found between the nonglacial and
glacial sediments of the Double Bluff East section. This apparent uninterrupted
transition from nonglacial to glacial conditions implies that the nonglacial
sediments are finite in age and may represent the Olympia Interglaciation (figure
3). If so, the nonglacial sediments in the Double Bluff East section would be

significantly younger than those of the Double Bluff West section.

13



Radiocarbon dates of 22,210 + 530 years B.P. (1-10, 801) and 23,600 +
275 years B.P. (UM-1752) were obtained from wood fragments at the top of unit F
(radiocarbon sample DBE #1). These dates represent the maximum age of the end
of the glaciolacustrine conditions and the beginning of deposition of glacial
outwash on southern Whidbey Island. Since the contact between units E and F
is transitional, with no evidence of erosion or weathering, it is believed that
a continuous deposition of sediments occurred. Therefore, unless the wood frag-
ments are reworked from older sediments, these dates record earlier Fraser

glaciation conditions in the Puget Lowland than has been previously reported.
Useless Bay East (Section 3)

Sediments of the Useless Bay East section are dominated by dark gray silts
and clays interbedded with oxidized, medium-grained sands :and gravels (Section 3,
Appendix A). Cross-bedding in the coarse-grained horizons is generally indicative
of west-northwesterly flowing streams. Cut-and-fill structures are also cbmmon,
especially in the lower portion of unit 2.

The only distinctive horizon in the nonglacial sediments of the Useless Bay
East section is the dark greenish-gray clay bed at the base of unit 3. However,
exposures just south of the measured Useless Bay East section contain numerous
similar greenish clay beds. The greenish beds are apparently the result of ground-
water alteration of clay beds under reducing conditions.

The silt and clay-rich horizons in units 1, 4 and 5 contain abundant organic
fragments and numerous peat beds. Four of the thicker beds in units 4 and 5 were
radiocarbon dated: UBE #1 (UW-578), UBE #2 (UW-579), UBE #3 (UW-580), and UBE #5
(UM-1747). A11 four reported dates are > 40,000 years B.P.

14
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The Double Bluff section illustrates one of the main obstacles to correlation
of Quaternary sediments in the Puget Lowland—Tlocalized cut-and-fill, which eli-
minates layer-cake stratigraphy and produces complex stratigraphic relationships.
The Useless Bay East section illustrates another major obstacle to Quaternary
correlation—horizontal facies changes. Within only a few hundred feet, facies
changes make recognition of Useless Bay East units 1 through 6 difficult. The
presence of the peats as marker beds helps correlation attempts, but once the
peat beds lens out, tracing of units becomes extremely difficult. Facies changes
in covered areas between measured sections further complicates correlation

attempts.
Scatchet Head West (Section 4)

Two hundred to two hundred fifty feet of nonglacial sediments are exposed
at the Scatchet Head West section (Section 4, Appendix A). The lowermost 175
feet (units G through N) is composed of dark gray silt and clay interbedded with
a wide variety of oxidized sand and gravel lithologies, similar to the sediments
at the Double Bluff West and Useless Bay East sections. These lower nonglacial
sediments also contain laterally-continuous peat beds. Cut-and-fill structures
and cross-beds with east-southeast dips are common in the sands and gravels.

Approximately 175 feet above sea level, a recessed bench in the bluff marks
a compositional change in the bluff material. Twenty-five to seventy-five feet
of grayish-brown, horizontally-laminated, medium-grained sands are interbedded
with thin beds of clayey silt (units A through F). The sediments composing
this portion of the bluff are very similar to units G through 1 of the Double
Bluff East section. However, their base is nearly 100 feet higher at Useless

Bay East than at Double Bluff East.

16
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At the top of the bluff, an erosional contact separates cross-bedded
gravelly sands from the horizontally-laminated sands. These gray, cobbly
and gravelly sands, which contain cross-beds indicative of south-flowing
streams, are probably a glacial outwash unit associated with the Fraser
glaciation (figure 3).

Three radiocarbon age dates have been obtained from organic material
collected at the Scatchet Head West section. Two major peat beds were dated:
SH #1 (UW-575) from unit J gave a greater than 40,000 year B.P. date, and a
greater than 41,500 year B.P. date was obtained from SH #2 (UM-1742) in
unit G. The third radiocarbon date (> 39,600) is from tiny organic frag-
ments dispersed in a sandy silt bed of unit F (SHW #3 (UM-1750). The two
dates from the peat beds indicate that the lowermost 175 feet (units G through
N) of the Scatchet Head West section is older than the limit of conventional
radiocarbon dating. The age of the upper sediments (units A through F) is
less certain. If the tiny organic fragments which were dated are reworked

from older peat beds, these upper units could be finite in age.
Possession Point (Section 5)

Seventy-five to one hundred feet of nonglacial sediments are sandwiched
between two gray silty clay till units at the Possession Point Section
(Section 5, Appendix A). The upper till has been assigned to the Possession
glaciation and the lower drift unit to the Double Bluff glaciation by Easter-
brook (1968).

Since the outcrop of the Whidbey Formation at the Possession Point section
is largely covered with grass, which prohibits the horizontal tracing of units
over long distances, Section 5 in Appendix A is a composite description of

numerous small exposures at Possession Point. Dark brownish-gray clay and silt
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beds, fine to medium-grained sands, and poorly sorted cobbly gravel are the
dominant lithologies of the nonglacial sediments at Possession Point.

Massive to rhythmically bedded gray silty clays and thin sand beds in
the upper portion of unit A are similar to those in unit 8 of the Whidbey
Formation at the Double Bluff West section. Covered sections obscure strati-
graphic relationships, but the rapid horizontal disappearance of the poorly
sorted cobbly gravel of unit B suggests it is a channel deposit. Cross-
bedding in many of the sand beds of unit C is indicative of east to south-
easterly stream flow during deposition.

One unique Tithologic horizon occurs in the Possession Point section
near the top of unit C in the Whidbey Formation. Approximately one foot
below the base of the gravel of unit B, a 1 to 2 inch thick pinkish-colored
fine-grained silt is present, which can be traced horizontally for about one
hundred feet before the section becomes covered. The combination of a floury
texture and distinctive clay mineralogic composition (see discussion on clay
mineralogy) indicate that it is, at least in part, a volcanic ash. No similar
bed has been found in any of the other sections studied in this project, which
eliminated the possibility of using it as a correlative tool.

Organic material from two units in the Possession Point section was
collected for radiocarbon dating. PP #1 (UW-576), a portion of a peat clast
incorporated into the base of the Possession drift, and PP_#2 (UW-577), an
organic silt near the top of the Wnidbey Formation, both dated greater than
40,000 years B.P. The dates show that the Whidbey Formation nonglacial sedi-
ments at Possession Point are greater than 40,000 years old. They do not,
however, provide evidence for the age of the overlying Possession drift, since

the dated peat fragment was probably derived from older nonglacial sediments.
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Conclusions

1. Correlation of sedimentary units within the wﬁidbey Formation on southern
Whidbey Island cannot be made using field criteria, for the following
reasons:

A. Numerous erosional unconformities are present which eliminate layer-
cake stratigraphy and produce‘complex stratigraphic relationships.

B. Horizontal facies changes are common, which increase the difficulty
of characterizing and tracing Whidbey Formation sedimentary units,
especially across covered areas.

C. There are few distinctive horizons in the Whidbey Formation sedi-
ments, and those which are present are only found in single outcrops.

D. A1l radiocarbon age dates from the Whidbey Formation are infinite
(greater than 40,000 years B.P.), prohibiting correlation of sedi-

mentary units by their age.

Since identification of sedimentary units or sequences of units in the
Whidbey Formation is not possible, correlation across the proposed tectonic

structures of previous workers cannot be made.

2. Three independent lines of evidence suggest that the nonglacial sediments
in the Double Bluff East section are significantly younger than the non-
glacial sediments at the type locality of the Whidbey Formation (Double
Bluff West), and may record deposition during the Olympia Interglaciation
(figure 3).

A. Double Bluff East nonglacial sediments are separated from Double Bluff

West sediments by an erosional unconformity.
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If peat clasts found in the Double Bluff East nonglacial sediments

are reworked from Double Bluff West sediments, the Double Bluff East
sediments should be substantially younger, since the peats would have

to have been compacted and tough to survive reworking without disinte-
grating. Whether the sediments represent a younger Whidbey Inter-
glaciation age or an Olympia interglaciation age cannot be determined.
The Double Bluff East section apparently records an uninterrupted
transition fron nonglacial to glacial (Fraser glaciation) sedimentation,
which suggests a finite age for the Double Bluff East nonglacial sedi-
ments. The lack of datable organic material in the nonglacial sediments

prohibits verification.

Nonglacial sediments with sedimentary structures and textures similar to

those in the Double Bluff East section also occur in the upper portion of the

Scatchet Head West section (Section 4), but the lack of organic material there

also prohibits age dating.

3.

Radiocarbon age dates from the base of the Esperance Sand (figure 3) suggest
that outwash marking the beginning of the Fraser glaciation in the northern
Puget Lowland had reached as far south as southern Whidbey Island by 22,000

to 23,000 years B.P., significantly earlier than previously reported.

LABORATORY OBSERVATIONS

Sedimentary petrologic lab procedures were employed in this study, in an

attempt to "fingerprint" Pleistocene stratigraphic units on southern Whidbey

Island.

Lab tests performed include grain-size analyses by sieving and hydro-

meter methods, clay mineralogy by X-ray diffractometry, and heavy mineral
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analyses by heavy liquids and magnetic separation. In addition, laboratory
treatment of numerous samples was performed to isolate microfossils for paleon-
tological studies. A discussion of results for each lab method employed is
offered in this chapter. The lab procedures employed, and the sample data

produced, are given in the appendices.
Grain-Size Analyses

General Discussion

Grain-size analyses are performed to aid in reconstructing the geologic
environment of deposition of sediments. By determining the relative abundance
of the different grain sizes which compose the sample, values of mean grain
size and sorting are obtained. Mean size of the constituent clastic particles
reflects the amount of available energy imparted in the sediments, as well as
the grain sizes of available clastic particles in the source material. The
sorting of sediments also aids in environmental reconstruction, reflecting
the size range of material supplied to the environment, the type of deposition
of the particles (whether rapid dumping or continuous reworking), and the
current characteristics of the transporting medium. Integration of mean grain
size and sorting, along with stratigraphic relationships, the study of sedi-
mentary structures, and detailed field mapping then permits an interpretation

of the sedimentary environment of deposition of the sediments.

Methods Employed

Fifty-two samples of Quaternary sediments were analyzed for their grain-
size properties. Analyses were performed by sieve and hydrometer methods,
as outlined in Appendix B. The sieve and hydrometer data produced were then

used to draw a grain-size distribution curve for each sample. Sieve and hydro-
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meter data and grain-size distribution curves for each sample are included in
Appendix B.

Statistical measures are used to quantitatively describe certain features
of grain-size distribution curves. In this way, sets of sediment samples can
be evaluated and quantitatively compared. In this study, statistical parameters
were calculated from each graih-size distribution curve. These parameters in-
clude texture, the relative proportions of gravel, sand, silt, and clay in a

sample; graphic mean, the best graphic measure of the average grain size of a

sediment sample; inclusive graphic standard deviation, a measure of the unifor-

mity or sorting of a sediment; and inclusive graphic skewness, a measure of the

amount of excess fine material (+ skewness) or excess coarse material (- skewness)
present in the sediment sample. Equations used in the calculations of the sta-

tistical parameters are given in Appendix B.

Discussion of Results

Statistical parameters calculated from the grain-size distribution curves
are listed in Tables 1 through 5. The 52 samples for which statistical parameters
are given represent both nonglacial and glacial environments of deposition in the
Puget Lowland. Based upon field observations, 44 of the samples are believed to
represent nonglacial sediment deposition, and 8 to represent glacial deposition.
The following is a summary of the grain-size properties of the samples analyzed:

Nonglacial sediments — Representative samples from each measured section

of Whidbey Formation nonglacial sediments were analyzed for their grain size
properties. For comparison of their calculated statistical parameters, these non-
glacial sediments are subdivided into two groups: sand lithologies (Table 6) and

silt-clay lithologies (Table 7).
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Texture of the nonglacial sands analyzed ranges from pure sand (0/100-0-0)
to slightly silty sand (0/87-11-2), with the majority of the samples composed
of 95-100% sand-size particles. Graphic means range from 1.20 @ (medium sand)
to 3.36 P (very fine sand), but the average grain size of the majority of the
samples falls within the medium to fine-grained sand sizes. These nonglacial
sands are characteristically moderately well-sorted, with the degree of sorting
varying from moderate (0.79 @) to well (0.47 @). Positive skewness is also a
characteristic of the nonglacial sands, reflecting excess fines in the sediment
distribution.

Although the textures of the nonglacial silt-clay lithologies range from
silt Toam (0/21-49-20) to silty clay (0/0:29-71), most samples contain little
to no sand and are mixtures of various proportions of silt and clay. Corres-
pondingly, the measured graphic mean values range from 5.36 9 (medium silt) to
9.03 9 (clay). 0; values indicate that all of the samples are poorly to very
poorly sorted, and positive skewness values are generally indicative of excess
fines present in these silt-clay lithologies.

Glacial sediments — The grain-size properties of the glacial sediments

analyzed are given in Table 8. Comparison with Tables 6 and 7 illustrates the
marked similarities of the glacial sands and silty clays with the nonglacial

sediments. The properties of the glacial tills are quite obviously different
from any of the sand and silty-clay lithologies. The tills are characterized

by Toamy textures, extremely poor sorting, and coarse skewness.
Conclusions

The grain-size properties of sediments from each measured section illustrate

the overall uniform composition of the Whidbey Formation nonglacial sediments.



Because of this homogeneity, lithologically distinct beds or units within the
Whidbey Formation cannot be identified. The range of textural variation within
a unit is just as great as the variation between units, and textural variation
within a section of nonglacial sediments is just as great as between measured
sections. Likewise, the marked similarity of glacial and nonglacial sediments
on southern Whidbey Island prohibits characterization of these depositional en-
vironments by grain-size properties. Apparently, the homogenization of Pleisto-
cene sediments is the result of continual erosion and reworking of sediments
prior to deposition.

Since lithologic characterization of Pleistocene stratigraphic units can-
not be made on southern Whidbey Island, grain-size analyses cannot be used as
a correlative tool. Therefore, correlation of the Whidbey Formation across the

proposed tectonic structure cannot be attempted.

Environmental Interpretation

Friedman (1967) outlined textural criteria which can be used to recon-
struct the depositional environment of sands. Since one of the goals of this
study was to characterize the Whidbey Formation, reconstruction of the depo-
sitional environment of the Whidbey sediments was desirable. Previous workers
(Easterbrook, 1968; Hansen and Mackin, 1949) have suggested that the Whidbey
sediments were deposited in a fluvial environment.

A plot comparing statistical parameters for the purpose of distinguishing
depositional environments is shown in figure 5. The graph plots inclusive
graphic skewness (SKI) against inclusive graphic standard deviation (01) to
differentiate beach and river sands. The boundary separating river and beach

sediments was adapted from Friedman (1967).
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The twenty-three samples listed in Table 6 are plotted in figure 5.
The combination of positive skewness values and high standard deviation
(sorting) values places the majority of the samples in Friedman's river
category. The clustering of points in the river category substantiates
previous workers' suggestions of a fluvial depositional environment for

the Whidbey Formation sediments.

Clay Mineralogy

General Discussion

X-ray diffraction of clay minerals was used in an attempt to "finger-
print" Pleistocene stratigrpahic units on>southern Whidbey Island. It was
anticipated that stratigraphic units of different ages or depositional
environments might contain distinctive mineralogies, resulting from in-

corporation of unique sediments or bedrock types.
Identification of Clay Minerals

Clay minerals present in the Quaternary sediments on southern Whidbey
Island include mica, smectite, chlorite, kaolinite and mixed layer clay.
Quartz, feldspar, and amphibole are also present in the diffraction patterns
of the < 2 micron clay fraction. The following criteria were used to identify
the minerals (after Carroll, 1970):

Mica — Mica is characterized by an integral series of 0Qf spacings,
with the major peak, (001), at 102 . The (002) peak at SR is less prominent,
but easily recognizable. The (003) peak at 3.332 merges with a quartz peak,
making recognition difficult. Mica is used here as a general term for a mica-
Tike clay of uncertain species and undetermined polymorph. Glycolation has

no effect on the mica structure, thus diffraction peaks remain unchanged.
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Smectite — Untreated smectite is characterized by an irrational sequence
of reflections, with the (001) peak at approximately 152. Upon glycolation,
the (001) peak swells to 173, and the reflections become rational and uniformly
spaced. The (001) peak at ]7% is broad and the most intense. The (002) and
(004) peaks are recognized by very broad and subdued peaks, around 8.52 and
4.253 respectively.

Chlorite-Kaolinite — Chlorite is characterized by diffraction peaks with

an integral series of basal spacings from 14+Z (001). The first five orders
are recognized, with (002) at 7+X, (003) at 4.723, (004) at 3.54R, and (005)
at 2.832. Kaolinite is characterized by a series of diffraction peaks with
(001) at 7X and (002) at 3.52. Since the first and second order kaolinite
peaks merge with the second and fourth order chlorite peaks, recognition of
the presence of kaolinite is complicated. In this study, kaolinite peaks were
not differentiated from chlorite peaks, and their presence is designated chlorite-
kaolinite in the discussion which follows. Chlorite-kaolinite is not affected
by glycolation and the diffraction pattern remains unchanged.
Mixed Layer Clay — The mixed layer clay in the sediments on southern

) 0
Whidbey Island is characterized by a broad basal peak between 10A and 14A

on the air dry-oriented diffraction patterns, where it is somewhat masked by
first order peaks of both chlorite and mica. This broad peak disappears upon
glycolation, and is presumably hidden behind the 172 smectite peak. Heat
treatment to 550°C results in the reappearance of the broad peak between 10%
and 142. These reactions to glycolation and heat treatment suggest a mixed-

layer composition of chlorite-smectite.

Quartz, Feldspar, and Amphibole — Quartz is characterized by peaks at

0 0
4.26A (100) and 3.34A.(101), the latter merging with the third order mica peak.
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0
Feldspar is characterized by a peak at 3.19-3.23A, dependent upon the variety

0
of feldspar present. The largest amphibole peak occurs at 8.51A.
Discussion of Results

Twenty-four samples of Pleistocene sediments have been analyzed for their
less than 2 micron clay mineralogic compositions (Table 9). Twenty-one of
the samples are from nonglacial sediments of the Whidbey Formation, and three
samples are from glacial sediments. Glycolated X-ray diffraction patterns for
all samples are presented in Appendix C.

Clay minerals present in the nonglacial sediments include chlorite-kaolinite,
mica, smectite and mixed-layer clay. Nonclay minerals present are quartz,
feldépar, and amphibole. Figure 6 is a composite of the air dry-oriented, gly-
colated, 300°C, and 550°C diffraction patterns for nonglacial sample DBW-D, from
which these interpretations were made.

Table 9 lists the relative abundance of each clay mineral group present.
Letter symbols indicate the relative quantities; M, major; c, common; m, minor;
N, none. Since the quantities were estimated from the glycolated diffraction
patterns only (Appendix C), smectite and mixed-layer clay could not be differen-
tiated and are grouped together, as are chlorite and kaolinite.

It is evident from Table 9 that the clay mineral composition of the
whidbey Formation nonglacial sediments is highly variable. These results agree
with the conclusions reached by Mullineaux (1967). Within single exposures of
nonglacial sedimentary units, compositional variations occur from bed to bed.
The differences are apparently not related to other physical properties, such
as texture or permeability.

These compositional differences appear to either represent variations in

detrital materials supplied during deposition, or to record differences in post-
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depositional alteration. The clay minerals which compose the Pleistocene
sediments on southern Whidbey Island are also common bedrock constituents

in the Cascade Range to the east and north. Chlorite, kaolinite, and mica

are especially common in the bedrock, and their presence in the Puget Lowland
sediments undoubtedly records mechanical weathering and transport prior to
deposition. While smectite and mixed-layer clay are also reported as detrital
components from Cascade bedrock, they‘probably also record chemical alteration
during or after deposition of the Pleistocene sediments. The degree of miner-
alogical variation attributable to mechanical vs. chemical weathering is ill-
defined.

Only one bed with a unique mineralogic composition was found in the non-
glacial sediments. Sample PP-4A, from a pinkish-colored silt horizon near
the top of Unit C at Possession Point, is composed chiefly of plagioclase
feldspar, with minor amounts of amphibole, mica, smectite, and mixed-layer
clay (figure 7). This composition is similar to the mineralogic composition
of volcanic ash deposits in the Cascade Range (Pevear, personal communication,
1979), and combined with its floury texture suggest this horizon is at least
in part, volcanic ash. No other similar horizon was found in any of the five
sections studied.

The clay mineralogic compositions of the three glacial clays analyzed
(DBE-10, PP-6, PP-6A) are not distinguishable from the Whidbey Formation non-
glacial sediments. Figure 8 is a composite of the air dry-oriented, glycolated
300°C, and 550°C diffraction patterns for glaciolacustrine sample DBE-10.

The composition of the glacial clays is similar to that of some of the nonglacial
clays, and variation of the glacial clays fall within the range of clay
mineralogic variation of the nonglacial sediments. Apparently, ice overrode,

incorporated and reworked bedrock and nonglacial sediments, accounting for the
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similar clay mineralogic compositions of glacial and nonglacial sediments.
Conclusions

Distinct units within the Whidbey Formation cannot be differentiated by
clay mineral composition. Mineralogic variation within units is just as great
as between units, and differences within single outcrops are as great as
between outcrops. Glacial and nonglacial sediments apparently cannot be dis-
tinguished by their clay mineralogic compositions either, since their ranges
of compositional variations overlap.

Since clay mineralogic characterization of Pleistocene stratigraphic
units cannot be made on southern Whidbey Island, X-ray diffraction methods
cannot be used as a correlative tool, and correlation of the Whidbey Formation

across the proposed tectonic structure cannot be attempted.
Heavy Mineral Analysis

Heavy mineral analysis is the technique used to study the heavy mineral
suites of sediments, which commonly compose a fraction of the sand-size |
grains. It was anticipated that stratigraphic units of different ages or
origin might contain distinctive heavy mineral compositions, resulting f}om

the incorporation of unique sediments or bedrock types.

Procedure — The heavy mineral analyses performed in this study consisted
of two phases: separation of the heavy minerals from light minerals, and mag-
netic separation of the heavy mineral fraction into fractions of similar ﬁag-
netic susceptibilities. A detailed procedure of the heavy mineral analysis

used in this study is given in Appendix D.
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In this study, bromoform (S.G. 2.85) was the heavy liquid used to separate
the heavy and light minerals. Magnetic separations were performed on a Franz
Isodynamic separator, using six settings of varying amperage. This separated
the heavy mineral grains into seven groups for study under thé binocular and
petrographic microscopes. These separations were performed for the #120 and
#170 mesh (U.S. Standard) sieve fractions of eighteen samples.

Discussion of Results — The heavy mineral composition of a sediment sample

is a function of numerous complex variables, such as grain size and shape, hard-
ness, chemica]istability, and source area lithology. The goal of heavy mineral
analyses is to eliminate all variables except the source area lithology. In
this study, in order to eliminate some of the variables, ten samples of similar
size fractions (#120 mesh) from sediments with similar graphic means (1.73¢ to
2.06¢, medium to fine-grained sands) were examined under the microscope. Per-
centage estimates of the individual heavy minerals present were made for each

of the seven magnetic fractions. Data for each of the fractions studied are
given in Appendix D.

The 0.10A+ magnet fraction of the samples studied is dominated by the
black, opaque heavy minerals: magnetite, ilmenite and hematite. Nine of the
ten samples studied contain at least 50% black opagues, while sample DBW-2 only
contains 10%. Idocrase is the other main constituent of this fraction, varying
from 5 to 40% in abundance. With the exception of DBW-2, there are always more
black opaque minerals than idocrase present 1in this fraction. Over half of the
samples also contain a minor amount of an undetermined member of the clinopyro-
xene family. Minor proportions of the amphibo]eﬁ hornblende and actinolite
(green) occur in some samples.

Idocrase becomes the principal heavy mineral constituent of the 0.25A
fraction, varying from 30 to 90% in abundance. Hornblende is the second most

abundant constituent, while clinopyroxene and green actinolite are also present
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in almost every sample. Black opaque mineral grains occur in only three
samples, but compose over 50% of sample DBE-18.

The 0.50A magnetic fraction is composed of four main constituents in
variable proportions--hornblende, idocrase, almandine (garnet), and green
actinolite. Hornblende is the most abundant mineral in over half of the
samples, and either idocrase or actinolite (green) is dominant in the
remaining ones. Up to 20% brown actinolite, a distinctive variety readily
distinguishable from the green actinolite, is also present in half of the
samples, while minor (less than 10%) amounts of epidote, biotite + chlorite,
and ¢linopyroxene are less common.

Epidote and actinolite are the dominant minerals present in the 0.75A
magnetic fraction. Epidote constitutes 30 to 65% of every sample, while
brown and green actinolite compose from 10 to 60%. The ratio of brown to
green actinolite in the 0.75A fraction is much greater than in the more mag-
netic fractions. Hornblende still composes up to 30% of some samples, but
is absent in five others. Idocrase, biotite + chlorite, clinopyroxene and
kyanite are minor constituents of some samples, but absent in others. Rounded
dark blue-green satiny grains, of an undetermined mineral, are also present
in minor (less than 10%) amounts. Limited optical properties suggest these
grains may be nephrite.

Fifty to eighty percent of every sample (except UBE-4) in the 1.0A mag-
netic fraction is composed of epidote. Green actinolite, clear actinolite
(distinctive and readily distinguishable from the other actinolite varieties),
clinopyroxene and rounded blue-green grains (nephrite?) compose up to 30%

of some samples, but each is also absent in at least half of the samples. Per-
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centage estimates from sample UBE-4 could not be made, since a large light
mineral population obscures the heavy minerals present. The presence of heavy
minerals in this sample are simply identified by an X on the data sheet in
Appendix D. ‘

The combination of the presence of abundant 1ight minerals and a wide
variety of heavy minerals makes charagterization of the 1.30A magnetic fraction
difficult. Heavy minerals present include epidote, green actinolite, clear
actinolite, rounded blue-green grains (nephrite?), rutile (yellow-brown and
red-brown), and zircon. An X on the data sheet in Appendix D indicates the
presence of undetermined amounts of the individual minerals. When the ratio
of heavy to light minerals was high enough, percentage estimates of individual
heavy minerals could still be made, and are given.

The . 1.30A magnetic fraction contains only three heavy mineral varieties:
kyanite, rutile and zircon. Ratios of the three minerals vary from sample to
sample, with no obvious pattern. Light minerals constitute a large portion of
some of the samples.

Conclusions — Microscopic examination of seventy heavy mineral fractions
from ten samples indicates that there are significant quantitative variations
in the heavy mineral composition of the Quaternary sediments on southern
Whidbey Island. However, variations within sections are just as great as
between sections, and variations within the Whidbey Formation nonglacial sedi-
ments are just as great as between Whidbey Formation, younger(?) nonglacial,
and glacial sediments.

Since no distinctive units or beds have been identified by heavy mineral
analyses, correlation of sedimentary units within the Whidbey Formation cannot

be made. Therefore, correlation of the Whidbey Formation sediments across the
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proposed tectonic structure is not feasible.
Paleontology

At the outset of the project, it was thought that some paleontological work
might aid us in our work to characterize the Whidbey Formation. -Field work
resulted in no macrofossil discoveries. Seventeen samp]esl/ of Whidbey sediments,
which were suspected to possibly contain fossils, were treated in the following
manner to iso]até any fossils for microscopic inspection:

1) 0.5 to 1.0 kg of sample was dried to remove water.

2) The sample was placed in kerosene, to permit thorough soaking.

3) The kerosene was poured off and water added to the sample.

4) The sample was allowed to stand until it was the texture of fine silt to
clay.

5) The sample was washed on #14 and #100 mesh screens (U.S. Standard Mesh), to
isolate fossils for inspection.

No invertebrate fossils were found in any of the seventeen samples. However,

three nonglacial samples (DBW-E, DBE-13b, SHW-3) did contain scattered seeds.

A single seed from a plant of the Family Umbelliferae ("the Parsley family") was

found in sample DBE-13b, and three seeds from plants of the Family Cruciferae

("the Mustard family") were extracted from sample SHW-3. These seeds represent
small herbaceous weedy plants of undetermined genus. Sample DBW-E contained
numerous "oogonia" (female sexual reproductive organs) from fresh or brackish

water algae of the Family Characeae, genus Chara or Nitella. This association

1/
I 1) DBW-A 2) DBW-B 3) DBW-C 4) DBW-D 5) DBW-E
II 6) DBE-11 7) DBE-13b 8) DBE-17
III  9) UBE-7 10) UBE-11
IV 11) SHW-C 12) SHW-0 13) SHW-2 14) SHW-3 15) SHW-4A
V 16) PP-2A 17) PP-5
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of fresh to brackish water algae and herbaceous weedy plants is further
evidence for deposition of Whidbey Formation sediments on open, flat terrain
with fresh or brackish water subenvironments. This model fits the suggested

floodplain environment rather well.
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APPENDIX A

Field Observations
Geologic section: Double Bluff to Useless Bay
Section description
Double Bluff West (Section 1)
Double Bluff East (Section 2)
Useless Bay Fast (Section 3)
Scatchet Head West (Section 4)

Possession Point (Section 5)

-54-



-—

SECTION |: DOUBLE BLUFF WEST (DBW)

Nw I/4 SE 1/4 Section 27, Twp 29N,

oxidized till (0-5')
pecn
Unit (0-60"

— — Peat—

— Zunit @ O3 ] =
Unit ® (10-15)
uit ® (10 VT

’ peat— == — ——— —
dF,‘-".- <.
Unit @ (10-15")
Unit ® (10-15") peats

—_ _Unit_ (27 (0-5"__ __

unit (D (5-15")

20

Rge 2E

Radiocarbon date

'

DBw-E

~-——29NO2E 27.3c DBW3 |
(>40,000 yrs. B.P)

DBW-D

O —




Double Bluff West (Section 1) (DBW) — NW4 SEY% section 27, T. 29 N., R. 2 E.

Unit 8 — Gray silty clay with thin very fine sand lenses; bedding alternates

Unit 7

Unit 6

Unit 5

Unit 4

between massive and rhythmically-bedded horizons; maximum individual

bed thickness is two feet; massive silty clay is distinctly bluish-gray
and unoxidized; rhythmically-bedded horizons are gray when unoxidized,

but are commonly oxidized orange-brown along the very thin layers of

sand; Unit 8 contains at least one peat bed near its top, and is separated
from Unit 7 by a two-foot thick peat bed, which was radiocarbon dated
(radiocarbon date DBW #1); Unit 8 also contains small organic fragments
scattered throughout the matrix, some of which has been replaced by
vivianite.

Sample DBW-E from silty clay horizon.

Light tan silt; massive; maximum thickness of unit is approximately three

feet, but it thins laterally and disappears.

Yellow-brown fine to medium-grained sand; slightly oxidized; horizontally

lTaminated.

Grayish-brown clayey silt, massive to thin-bedded; contains scattered
organic fragments in the matrix; also contains two peat beds (less than
six inches thick).

Sample DBW-D

Yellow-brown fine to medium-grained sand; horizontally laminated; slightly

oxidized; interbedded with thin gray silt lenses near the top.
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. Unit 3 — Thin-bedded organic silt, with the abundant organic fragments giving
a fibrous nature to the unit, which results in the formation of a very
resistant bed. The organic silt becomes interbedded with Unit 4 sand
near the east end of Section 1, and is not easily recognizable; Unit 3

contains numerous thin peat beds in the eastern half of the section.

Unit 2 — Interbedded gray, micaceous élayey silt and grayish-brown fine-grained
sand; the unit is folded gently, with the individual folds measuring
less than 100 feet across; the top of the folds have been planed off
and are flat.

Sample DBW-C from silt horizon.

Unit T — Sand and gravel; characterized by great lateral and vertical variation
in lithologies; alternating lithologies in tabular beds, generally two
l. to four feet thick. Base of Unit 1 is below sea level and is not ob-
servable; upper contact with other units of the Whidbey Formation is
broadly undulating. Many of the beds contact abundant cross-beds, with
most dipping W-SW; another component of cross-beds dip in the opposite
direction (E-NE), but this direction of dip is much less common; some
beds within Unit 1 contain numerous wood, peat, organic, and organic
silt fragments - all rounded to some degree. The following are the
lithologic types found in Unit 1 — fine-grained sand, medium-grained
sand, coarse sand with gravel, gravelly sand, and fine to coarse gravel.

Samples DBW-1, DBW-3, and DBW-4 from sand and gravel beds.

Unit 0 — Dark gray silty clay, contains scattered pebbles, massive. Unit 0 is
probably glacial in origin — either glacial till or glaciomarine, and

. probably belongs to the Double Bluff Formation.
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Double Bluff East (Section 2) (DBE) — NW4 section 26, T. 29 N., R. 2 E.

Unit A —

Unit B —

Unit C —

Orange-brown to gray cobbly till and cobbly gravel; oxidized; discon-

tinuous; thin veneer along bluff top.

Interbedded sand and silt; sand beds are thin and few near the base of
the unit, but become thicker and dominant near the top; silt beds are
brownish-gray and massive and contain numerous very small and thin sand
lenses; silts are also weakly oxidized (brange); sand beds are gray and
mostly very fine-grained, with some beds horizontally laminated and
others cross-bedded (with dips to the SW) and ripple marked; sand beds
are well sorted, micaceous, and predominantly fresh. All of Unit B is
inclined inwardly toward the bluff, at an angle of 30-40°. Since the
unit appears to be in place and not slumped, the deformation is probably
related to glacial activity, and may represent ice shove or ice collapse
phenomenon,

Sample DBE-1 from sand and Sample DBE-2 from silt.

Angular unconformity between Units B and C.

Grayish-brown sand and gravel with minor cobbles; cobbles and gravel are
sub-rounded to rounded and are matrix-supported; Unit C is characterized
by both horizontal lamination and cross-bedding, with cross-beds dipping
toward the south; Unit C is planar bedded, with beds generally less than
two feet thick; a few beds are virtually gravel-free, and are very similar
to Unit D beds below; maximum cobble size in Unit C is approximately 12"

in diameter, but few cobbles exceed six inches.
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Sample DBE-3 from gravelly sand, and Sample DBE-4 from gravel-free sand.

Sharp contact between Units C and D.

Unit D — Brownish-gray fine-grained sand; thin to thick planar beds; sand is
well sorted, loose and friable and contains only scattered gravel; some
beds contain a concentration.of gravel along their base; gravel is rounded
when present; sand is horizontally laminated to cross-bedded in nature,
with the abundant trough cross-beds dipping to the south; a few brownish-
gray laminated silt lenses occur in Unit D, but they are generally thin
(3-12" thick) when present.

Sample DBE-5 from sand near top of Unit D; Sample DBE-6 from sand near

the base of Unit D.

The contact between Units D and E is a transitional contact.

Unit E — Interbedded silt and very fine-grained sand; thin to thick beds; sand
beds are very fine-grained, otherwise are similar to Unit D sand beds;
sand is moderately well sorted and generally contains no gravel; hori-
zontal lamination dominates the sand beds, but cross-beds present dip
to the SW; some sand horizons are strongly oxidized, while others remain
fresh; silt beds are characteristically brownish-gray and massive; some
silt beds are slightly sandy and most contain very fine interlaminations
of sand; a few silt beds are very finely rhythmically bedded and may
represent varves; Unit E also contains angular blocks of sandstone (as
large as 6 feet in diameter) which probably represent ice-rafted material;
thin pockets of laterally-discontinuous, unsorted debris piles probably
record similar depositional conditions; Unit E appears to simply be a

finer-grained equivalent of Unit D, and must represent depnosition under
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Unit F —

Unit G —

less energetic conditions.

Sample DBE-7 from sand, and Sample DBE-8 from silt.

Transitional contact between Units E and F. This slightly oxidized,
four foot thick transition zone consists of thin-bedded (< 1" thick)
brown silt, dark gray clay, and gray, very fine-grained sand; the base
of the transition zone is shérp, with compact dark gray silty clay below
it; this silty clay is massive near the top, but becomes distinctly
rhythmically bedded, with dark gray clay and lighter gray silt com-
ponents, which are believed to be varves of a glaciolacustrine deposit.
This silty clay also contains a few thin, discontinuous lenses of brown,
horizontally-laminated sand. An accumulation of wood fragments (stems,
twigs, etc.) occurs along the base of the transitional zone (surface

of the compact clay). These wood fragments were collected for radio-
carbon date DBE#1.

Sample DBE-9 from massive gray clay near the transitional contact with

Unit E, Samples DBE-10 and DBE-11 from rhythmically-bedded silt and clay.

Contact with Unit G is sharp, with a thin (£ %") layer of hard iron

oxide along the contact.

Gray-brown, moderately well-sorted, medium to coarse sand; horizontally
laminated; beds are 2-4 feet thick; rounded to partially flattened re-
worked silt fragments are concentrated along the base of beds. These
silt pebbles are reworked from Unit H below; elsewhere, silt pebbles
are scattered throughout the sand matrix, in varying degrees of concen-
tration.

Sample DBE-12 taken 4 feet below contact with Unit F.
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Unit H — When undeformed, the following subunits are found in Unit H:

1 foot to 3 feet -- dark gray silty fine sand; horizontally-laminated;
thin-bedded; contains a trace of scattered organic
material; some beds are siltier than others, with
the sandy layers more oxidized.

1 foot to 3 feet -- massive dark gray clay; very hard; structureless.

6 inches to 2 feet -- dark gray massive silt; faintly laminated

While Unit H is flat-lying and undeformed on the western end of Section 2,
it is deformed into diapiric structures on the eastern end. The deformation
consists of diapirs of mixed silt and clay, intruded into a matrix of

silty sand. In many places, the diapiric fines have become detached from
the silt and clay body and are floating in the silty sand matrix. The
underlying unit (Unit I) is only moderately deformed in a few places,

where it protrudes up toward the diapirs. This relative lack of defor-
mation of Unit I may be due to the fact that its coarser-grained and
better sorted nature resulted in it containing much less water than the
sediments of Unit H. The truncation of diapirs and the abundance of
reworked silt and clay fragments in Unit G, suggest that Unit H was

the surficial unit at the time of deformation. Unit G was deposited later.
The author believes that the deformation of Unit H is a result of sediment
overloading. The excess weight (and/or rapid deposition) of the silty
sand appears to have overloaded the water-saturated silts and clays,
initiating deformation. |
Sample 13a from the upper silty fine sand subunit; Sample 13b from the

middle gray clay subunit; Sample 13c from the lower massive silt subunit.
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Unit I — Grayish-brown horizontally-laminated sand; medium to coarse-grained
near the base of the unit, becoming finer-grained near the top. Con-
tains scattered concentrations of rounded to flattened silt and clay
pebbles; these matrix-supported pebbles increase in abundance toward
the base of the unit, implying that they are reworked fragments from
Unit J; concentration of the.pebbles occur along the base of beds six
inches to two feet below the contact with Unit H, a 2-4" thick detrital
layer of low density fragments occurs, sandwiched between fine to
medium-grained sands. The detritus is cdmposed of wood, peat, coal,
and dacitic pumice fragments, with the coal being very finely dissemi-
nated. While this thin horizon is very continuous laterally (over
hundreds of feet), no organic detritus occurs in the sands above or
below it. 1In one place along this horizon, a block of diamicton (brown
silty clay with pebbles and cobbles) three feet long and one foot thick
was found. The sand above it is depressed toward the diamicton, as if
it collapsed in response to some action by the diamicton block.
Sample 13d from the diamicton; Sample 14 from two feet below contact
with Unit H; Sample 15 from 15 feet below contact with Unit H.

Unit J — Brownish-gray, medium-grained silty sand; with tan sand and silt injected
into sand from below; Unit J is dominated by flame structures composed of a
jumbled mixture of silt and sand; some of the sand from in the flame
structures appears to have originated from Unit K below. Unit J is a
prominent cliff-former. |

Sample DBE-16 from silty sand; Sample DBE-17 from deformed silt and sand

mixture from within a flame structure. Sharp contact between Units J and

K, but some Unit K sand has been deformed and protrudes upward into Unit J.
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Unit K — Brownish-gray, planar-bedded, medium to coarse-grained sand; contains

scattered matrix-supported pebbles and trace cobbles, which are commonly
coated with manganese staining; abundant cut-and-fill structures with
gravel concentrated along the base of the fills; numérous asymetric
ripples are also indicative of westerly flow. Unit K also contains

some silt and silty fine sanq beds, up to 12 inches thick; some are
laterally continuous, but others are lenticular and discontinuous.
Organic fragments are abundant, with many large pieces scattered through-
out, and finer organic fragments concentrated along cross-beds; all of
the organic fragments found are rounded peat fragments, which are ap-
parently reworked from older sediments.

Sample DBE-18 from fine sand (with no gravel).
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Useless Bay East (Section 3) (UBE) — SW4 NW4 NWY section 29, T. 29 N., R. 3 E.

Surficial till — Gray sandy silt till; occurs only as a thin veneer at the UBE

Unit 6 —

Unit 5 —

Unit 4 —

section, but thickens rapidly to the north and eventually composes the

entire bluff.

Interbedded dark gray clay, Qrayish-brown silt, and light gray sand. No

peat beds observed. No detailed description or sampling of Unit 6 could

be made, since the cliff-forming Unit 5 prevented access.

Upper 5 feet:

Middle 4 feet:

Lower 6 feet:

thinly laminated, dark gray silty clay.

massive light gray clayey silt; contains scattered wood

and organic fragments; contains a couple very thin (¢ 2")
peat lenses and a 6" thick peat bed (radiocarbon date
UBE #1).

Sample UBE-2 from clayey silt.

gray fine to medium-grained sand; with minor thin (¢ 2"
thick) brown silt lenses; numerous cut-and-fill structures;
sand fines upward; sand contains numerous wood and organic
fragments; cross-beds and ripple marks indicative of NW
flow; sharp contact with Unit 4 -- rounded pebble concen-
tration at contact, with its lower portion very strongly
oxidized (orange).

Sample UBE-3 from lower sand.

Interbedded gray silty clay beds with gray medium-grained sand; clay beds

average about three feet thick and sand beds about 1% feet thick; sands

are fine to medium-grained and mostly structureless (a few cross-beds

dip westerly); silty clays are dense and dark gray when unoxidized, but

are commonly oxidized along contacts with sand beds; Unit 4 contains
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numerous scattered organic fragments, four major (:>6" thick) peat
beds and a few other minor (< 2" thick) peat lenses. Radiocarbon
dates UBE#2, UBE#3, UBE#4, and UBE#5 are from the four major peat
beds (from top to bottom)., Interbedded with the peats are greenish-
gray silts and gray fine sands; the silts are massive; the sands are
fine-grained sand to silty s&nd.

Sample UBE-4 is from fine sand near the top of Unit 4; Sample UBE-5

is from clayey silt near the base of Unit 4.

Unit 3 — Upper 6 feet: grayish-brown clayey silt; massive; micaceous; structure-
less; scattered organics.

Sample UBE-6.

Lower 4 feet: dark greenish-gray clay; dense; weathers to a distinct
green color; horizontally continuous and traceable.

Sample UBE-7.

Unit 2 — Upper 2 feet: brown silt and strongly oxidized (orange) silt and fine sand.

12 feet: wide variety of sands and gravels; characterized by great
lateral and vertical variation; lithologies alternate in tabular beds from
2-4' thick; sands contain numerous crossbheds dipping W-NW and also contain
numerous rounded silt balls; no organic fragments were found in the sands;
this portion of Unit 2 is characterized by a fining upward sequence —
from gravelly sand near the base to fine sand at the top; all sands are
oxidized.

Sample UBE-8 from medium-grained sand.

6 feet: grayish-brown massive clayey silt; contains a few thin interbeds
of medium-grained sand; this portion of Unit 2 thickens to the north, where

sand interbeds become thicker and dominant.
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“Unit 1 —

Sample UBE-9 from silt.

Lower 30 feet: poorly sorted mixture of fine to coarse sand with
some gravel scattered throughout; oxidized to a 1ight yellowish-brown
color; horizontally Taminated to cross-bedded (with dips to the NW;
gravel and pebbles dominantly rounded and coated with a purple (Mn
oxide?) coating; contains scattered rounded silt fragments; cut-and-fill
structures abundant; contact with Unit 1 is sharo.

Sample UBE-10 from sand.

Interbedded grayish-brown massive silt, gray fine to very fine sand,

and a few very thin (~ 1" thick) peat beds; organic fragments scattered
throughout the unit; many of the silt beds contain thin lenses of very
fine-grained sand which pinches out laterally; sands are slightly oxidized
to fresh; cross-beds dip both W-NW and S-SE; cut-and-fill structures are
common; Unit 1 dips to the south and rapidly disappears below sea Tevel.

Sample UBE-11 from silt, and Sample UBE-12 from sand.
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Scatchet Head West (Sectijon 4) (SHW) — W% SW% NEY section 16, T. 28 N., R. 3 E.

Unit A — Gray sandy silt till; massive; occurs as a thin veneer along the top of
the bluff; thickens to the north, where it eventually composes the whole

bluff.

Unit B — .Grayish-brown fine to medium-grained sand; gravel is commonly scattered
throughout the sand matrix and concentrated along the bases of beds;
sand coarsens upward; numerous thin silt beds occur in the lower portion
of the unit, with the thickest approximately 2 feet thick; cross-beds in-
dicative of S-SE flow are common; subrounded to rounded gravel increases
in abundance toward the top of Unit B; scour-and-fill features are common;
reworked(?) organic fragments are abundant; base of Unit B is a scour

surface, with detrital material concentrated along that surface.

Unit C — Grayish-brown fine to medium-grained sand; only scattered gravel present;
brown silt lenses (< 6" thick) are occasionally interbedded with the

sand; sand is horizontally laminated; Unit C is a massive cliff former.

Unit D — Upper 2-3 feet: massive light brown silt.
Middle 4 feet: horizontally laminated and cross-bedded fine-grained sand.
Lower 4 feet: horizontally laminated, light brown micaceous siity sand.
Base of Unit D is a scour surface.

Sample SHA-A from the fine-grained sand in the middle of the unit.

Unit E — Grayish-brown fine to medium-grained sand similar to Unit C; dominantly
horizontally laminated, but near the base of the unit cross-beds dip S-SE;

Unit E contains virtually no gravel or silt beds; organic fragments are
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Unit F —

Unit G —

Unit H —

Unit I —

scattered throughout the sand.

Sample SHW-B from fine-grained sand. Radiocarbon date SHW#3 from the

scattered organic fragments.

Interbedded gray and gray-brown silt, dark gray clay, and light gray
fine sand; individual beds vary from 6 inches to 2 feet thick; sands
contain cross-beds indicative of S-SE flow; silts are massive to thinly
laminated; clays are massive; base of Unit F is covered by talus which
produces a bench above Unit G; Units F and G are apparently conformable,
with no evidence of erosion or weathering.

Sample SHW-C from a very fine-grained sand horizon.

Interbedded fine-grained brown sand, light gray organic silt, and dark
gray Elay; contains wavy horizons of dark brown organic-rich material and
a 1 foot thick peat horizon near the top of the unit; interfingering of
the above lithologies is common; oxidation along lithologic contacts give
a bright orange éo1or to many sand beds; in places the sand, silt, clay,
and organics have been deformed and mixed together.

Sample SHW-0 from fine-grained brown sand immediately below the peat bed.

Radiocarbon date SHW#2 from the 1 foot thick peat bed.

Brown, horizontally laminated fine-grained sand; forms a small bench which

is mostly covered by talus and debris.

Dark gray clay and gray-brown silt; organic fragments common; a few sandy
silt horizons are oxidized to bright orange and stand out in appearance;
Tower 10 feet of Unit I contains numerous very thin (< 2" thick) peat
beds.

Sample SHA-1 from grayish-brown silt.
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Unit J —

Unit K —

Unit L —

Unit M —

Unit N —

Interbedded dark gray clay, gray-brown silt, light gray fine-grained
sand, and peat; most beds are € 1 foot thick; peat and organic beds are
6-9 inches thick and scattered throughout the unit. -

Sample SHW-2 from sand, Sample SHW-3 from clay, Sample SHW-4 from clay.

Radiocarbon date SHA #1 from the uppermost peat bed in the unit.

Greenish-gray massive silt; pebbly near the base of the unit, especially
in a channel-1like depression in the top of Unit L which is filled with
deformed silt and neat beds.

Sample SHW-4 from pebble-free silt.

Strongly oxidized (orange) gravel; subrounded to well-rounded; gravel is
supported by a coarse sand matrix; gravel is interbedded with fine to
medium-grained sand beds; fine sand is pebble-free while the coarser sand
contains scattered gravel; cross-beds in Unit L dip S-SE; the gravel

in Unit L is commonly coated with a purple (Mn) coating.

Sample SHW-5 from medium-grained sand.

Thin interbeds of grayish-brown silt, gray clay, and light gray fine sand;

sand beds contain abundant cross-beds dipping E-SE.

Upper 10 feet:, brown medium to coarse-grained sand with gravel concentrated
in pockets and horizons; reworked flat silt fragments common. Thin gray
silt broken into pieces along an undulating surface separates the upper and

lower sands.
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Lower 15 feet: 1light brown fine-grained sand; dominantly horizontally
laminated, but some cross-beds dip E-SE; cut-and-fill structures are
abundant; organic fragments are common; this lower sand is virtually
gravel-free.

Sample SHA-6 is from fine-grained sand.
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Possession Point (Section 5) (PP) — N% NWy NEY% section 23, T. 28 N., R. 3 E.

Possession (?) — Gray silty clay till; massive cliff-former; contains glaciofluvial

Point

Unit A —

Unit B —

Unit C —

sediments near the top; contains organic debris in the base of
the til1l, apparently reworked from older sediments (collected for

radiocarbon date PP#1).

Upper 0-20 feet: rhythmically-bedded dark and 1ight gray clay and silt,
with some sand lenses; pinches out to the north and east.

Lower 30-50 feet: dark gray silty clay interbedded with brown, hori-
zontally laminated fine sand beds; beds vary from 1-4 feet in thicknesé;
a few dark brown organic silt beds occur near the top - radiocarbon date
PP#2 is from the thickest organic bed in the unit; Sample PP-1 from very
fine sand; Sample PP-2 from medium silt; Sample PP-2A from clay.

Gravelly cobbles with a coarse sand matrix; cobbles and gravel are matrix-
supported; most gravel and cobbles are rounded to well-rounded; numerous
silt lenses are interbedded with the gravelly cobbles, some contain gravel;
cobble Tithologies are highly variable; small organic fragments dispersed
throughout unit; contact with Unit C is irregular; Unit B pinches out to

the north and east.

Interbedded dark gray massive silty clay, gray sand, and grayish-brown
silt; organics scattered throughout; numerous cross-beds in sand beds
indicative of E-SE flow; individual bed thickness varies from 6" to 4';
sands oxidized along cross-beds, giving them a salmon-color; much inter-
stratification of lithologies occurs on a small scale, reflecting large-

scale re]ationshihs; Sample PP-3 from a 1-2" thick distinct pinkish-
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colored floury silt (volcanic ash?) bed occurs near the top of Unit

C; Sample PP-4 from very fine sand; Sample PP-4A from clay; Sample

PP-5 from medium silt.

Double — Gray silty clay till; interbedded with deformed layered silt beds and
Bluff
Drift gravelly horizons; boulder concentration along contact with the nonglacial

sediments above; the upper 2-5' is gleyed (green) in places, suggesting a

soil-forming interval prior to nonglacial sediment deposition; Sample

PP-6 and Sample PP-6A both from glacial till.
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APPENDIX B

Grain Size Analyses

Mechanical Method (Sieving)

The sieving method is used to determine the presence of relative pro-
portions of clastic particles greater than 4P (.0625 mm) in diameter. As
the determination of individual particle sizes is impractical, the sieving
process is used merely to bracket the ranges of clastic particle sizes.
Since the #200 sieve (U.S. Standard mesh) is constructed of the finest
mesh which permits the free passage of sediment, it was the finest screen
used.

The following sieving process was employed in this study, since it is
an accurate, easily reproducible, and reliable method. This procedure is
a modification of those suggested by Bowles (1970) and Folk (1968): 1) The
sediment sample was oven-dried, pulverized (with mortar and pestle), and
weighed to obtain the exact sample weight. Five hundred to eight hundred
grams were used if the sample was predominantly sand and gravel. 2) The
sample was placed on a #200 sieve (U.S. Standard mesh) and carefully washed
until the water cleared, so that most of the material finer than 3.750 ‘
(.074 mm) was washed out of the sample. 3) The residue was carefully poured
into a large weighed porcelain evaporating dish and left to set until the
top of the suspension was clear. The clear top water was then poured off.
The dish and remaining soil-water suspension were placed in the oven for
drying. 4) After drying, the oven-dry residue was weighed. Then it was
passed through a stack of sieves for 15 minutes. Since the objective was to
produce a grain-size distribution curve, it was necessary to obtain a good

distribution of points across the ranae of sieve sizes. The number of sieves
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used in the sieving process varied according to the amount of sample

coarser than 3.750. 5) The sieve stack was removed from the shaker, and

the weights of material remaining on each sieve were obtained. The weights
were summed and compared with the sample weight (after wet sieVing) in order
to detect any loss of sample in the sieving operation. A loss of more than
2% by weight was not acceptable. 6) The percent retained (by weight) on
each sieve was computed by dividing the weight retained on each sieve by the
original sample weight. 7) The percent finer (or percent passing) was then
computed by starting with 100% and subtracting the percent retained on each
sieve as a cumulative procedure. The results were recorded on the data sheet
for mechanical grain-size analysis (a representative data sheet follows this
discussion). 8) The data was plotted on the grain-size distribution curve.
When more than 15% of the sample passed the #200 sieve a hydrometer analysis
was performed on the sample, in order to determine the relative proportions

of grain sizes finer than 3.750 in diameter.
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GRAIN SIZE ANALYSIS - MECHANICAL , Data Sheet

Sample No. DBV\/‘ |

Location _ Double Bluff West section
Date of testing 3-19-79

Weight of dry sample 493.33 o
~7

Weight of sample after wet sieving 492.12 q
~/

Weight loss from wet sieving 1.7/3
Sieve no. Dom, @ W1 retained % retained + %passing
7 - 1.5 0.00 0.00 100.00
/0 -1.0 0.23% 0.05 99.94
4 -0.5 {.50 0.30 9. 64
8 0.0 3.9 0.75 93.39
25 0.5 10.55 2. 14 96.75
35 e 92.18 18.67 78.08
45 .5 /188.83 3%8.24 39.%4
60 2.0 14].42 29. 04 I.20
8o 2.5 3430 0.95 4.25
120 3.0 15.45 3.13 .12
170 2.5 2.6 0.54 0.58
200 375 0.99 0.20 0.38
% passing = 100 = 3 % retained
pan = 0.80
+ wash = LTI
4200 mesh = 2.5]
Toral = 494.38 9 wt. Sam: O(.llfi?g .
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Hydrometer Method

The hydrometer method utilizes differential settling rates in water to
analyze the grain sizes of particles finer than 49 (.0625 mm) in diameter.
The hydrometer method is used to measure the settling ve1ocity of particles.
If the density of soil grains is 2.65 g/cm3 and the density of water is 1.000,
the soil hydrometer directly measures the number of grams of so%] in suspension.
Unfortunately, these conditons are seldom met. In reality then, the hydrometef
only estimates the number of grams of soil in suspension, by directly measuring
the density of the soil-water suspension. |
Procedure - The following procedure was used for the hydrometer analysis
of the samples in this project. It is a slight modification of that outlined
by Bowles (1970): 1) 50-60 grams of sample were well pulverized (with mortar
and pestle), oven-dried, and then weighed for exact weight. 2) The sample
was mixed with 125 ml of 4% sodium hexametaphosphafe solution (dispersing
agent), and allowed to set overnight. The dispersing agent was added to
neutralize the electrical charges on the clay particles, which cause the
grains to be attracted to each other and stick together, forming larger
particles. 3) The mixture was diluted with water and mechanically dis-
agaregated in a mixer for 3 to 5 minutes, for complete disaggregation.
4) This mixture was transferred to the sedimentation cylinder, and tap
water was added to fill the cylinder to the 1,000 ml mark. 5) The solution
was stirred thoroughly, and upon completion of stirring, timing began for the
hydrometer readings. 6) Hydrometer readings were made at 1, 2, 4, 8, 15,
and 30 minutes, and at 1, 2, 4, 8, 24, and 48 hours. 7) Temperature of
the solution was taken at the time of each hydrometer reading. 8) The data
was recorded on the data sheet for the hydrometer method of grain-size
analysis (a representative data sheet follows this discussion). Calcula-

tions of particle diameter, D, and % finer were completed, using the
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equations given on the explanation sheet which follows. 9) This data was

then plotted on the grain-size distribution curve, and the curve was drawn.

Explanation Sheet for Hydrometer Data Computation

Time of Reading (from Start)
Elapsed time (t), in minutes
Temperature (T), centigrade

Actual hydrometer reading (read from the top of the meniscus)

R,
R Hydrometer reading corrected for meniscus only

RC Corrected hydrometer reading (RC = Ra - zero correction + CT)

This correction is made to obtain the effect of water and dispersant on the
hydrometer reading. This correction factor can be calculated by preparing

a clear water standard, in which the same quantity of dispersing agent is
used as was used in the soil suspension (4%). This solution calibrates the
water to a zero reading (zero correction value). The standard is also pre-
pared using water of the same temperature as that used in the soil suspension.
Since a 4% solution of sodium hexametaphosphate (dispersing agent) was used
in all hydrometer analyses, the zero correction factor was plus 6 units. The
correction for temperature (CT) was then obtained from Tables and addéd to

that value to produce the corrected hydrometer reading.

Percent Finer (% finer = R, a/Wg x 100)

Rc = corrected hydrometer reading, measure of grams of soil in suspension at
elapsed time t
ws = Weight of original soil sample placed in suspension, in grams

a = correction factor for density of the solids (obtained from Tableg, )
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GRAIN SIZE ANALYSIS - HYDROMETER METHOD

Sample No.  DBW-E
Location  Double Bluff West section

Date of testing 3-22-79

Hydrometer no. (52 H G, of solids

2.65

Data Sheet

Dispersing agent CALGON (47.) Amount’

7

Zero correction + b units

Weight of soil, W 50.29 o
S )

125 ml

- a=

1.00

Meniscus correction #/

unif

Hyd.
Time | Elopsed ' A:::‘ fi:: o:l:r;c;r L L K D,mm | D, @
of nme, | =™ | reading | reading %  |meniscus, t
Dote reading min °c Re Re Finer R
3228 29)6mmRr | — | — | — | — | —|— |||
no|12:00 ] 2 23 | 45 (447 19988 | 56 | 7.1 | 355 0.0132/00243| 5.33
n 2:131 4 23 |53.5 |48.2 | 95.8 | 54.5 |7.35 |/ 838 |0.0132/0.0179| 5.80
o 1207 & | 23 [52.5 |47.2 (939 |535 | 7.5 |0938 |0.0132|0.0123| 6.29
w 12:24)1 15 | 23 | 51 4571904 |52 | 7.8 |0520(0.0132/0.0095 6.71
n 12:391 30 (23 |44 437 |8bq | 50 | 8.1 |0.270]0.01320.0069 7.19
w309 bo | 23 |42.51382 |76.0|44.5| 3.0 |0./500.01320.005]) 7.bl
" 409|120 | 23 [355 [30.2 |60.) |36.5]|10.3 [0.0858/0.0132/0.00# €.0]
n 16:09(240 |22 |28 1227 |45.1 | 29 | 1.5 10047910.0132|0.0029| 843
n 1/0:09|480 | 22 | 20 |144 | 28.b| 2] |12.9 |0.02690.0/33|0.0022 8.64
3-2879 2:091/440 |22 | 14 | B4 |67 | 15 |[13.8 [000950.0133/0.0013 9.59
3-24-792:09\2880| 18 |12 | 5.5 108 | 13 |42 |00oo49\0.0/40/0.00i0| 999
Re = Ractual — 2ero correction + Cy % finer = Rc (a)/Ws 0= K\Viy,
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L Effective Depth, in cm, of the hydrometer in the soil suspension

L is the distance, in cm, between the center of the volume of the hydrometer
bulb and the suspension surface. L can be readily calculated if R is known.

L values are obtained from Tables

Settling velocity L/t = v

L = effective depth
t = time elapsed, in minutes
LS

K is a function of the temperature (T), specific gravity (Gs), and viscosity

(11) of the soil solution. It is obtained by using Tables.

Particle diameter (D), in mm and

D = Ky/L/t
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Grain-size Distribution Curves

Explanation—Sieve and hydrometer data were used to produce a grain-
size distribution curve for each sample. In order to facilitate the reading
of statistical parameters, the data was plotted as a cummulative curve.
Grain diameters were plotted on the abscissa (arithmetic scale) in 9 units.
Cummulative percent frequency (or pércent finer) was plotted on the ordinate
(probability scale). |

Percentages of gravel, sand, silt, and clay were calculated from each
curve, and recorded as texture. The gravel percentage given is the percent
of the entire sample. Sand, silt, and clay percentages given are exclusive
of the gravel-size material present; they total 100% when added together.

Statistical parameters have been calculated for each grain-size distri-
bution curve. Following is a short discussion of each parameter used, in-
cluding graphic mean (MZ), graphic standard deviation (Ué or 0;), and

graphic skewness (SK or Sk ). Equations and tables are from Folk (1968).
G I

Graphic Mean (MZ) — The graphic mean is the best graphic measure of
the average grain size of a sediment sample. It is superior to the median
(ﬂso), because it is calculated from three points on the grain size cufve,
rather than just one. Thus, calculations of mean size by measuring the
median are not very satisfactory in strongly skewed curves. The graphic mean
is a standard measure of grain size used in sedimentary petrologic studies

My = (Brg * Pog + Pgy) /3
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Graphic Standard Deviation (06) or Inclusive Graphic Standard Deviation (0;)

The standard deviation is a measure of the uniformity or sorting of a
sediment. The inclusive graphic standard deviation (0;) is the best measure

of sorting, because it embraces 90% of the distribution curve.
07 = (B - fgg)/4 + (Bg - Pys)/6.6

It was calculated whenever possible. However, most of the fine-grained
samples analyzed in this project contained so much clay that the QS value
could not be obtained. Therefore, it was necessary to use the graphic standard

deviation (Gé), which covers only 68% of the curve.
0= (Prg - Pgq)/2

It is still a good measure of sorting, which is commonly used in sedimen-
tological analyses. A classification of sediment sorting devised by Folk (1968)

is given below.

Of(or Oé) under .350, very well sorted
.35 - .500, well sorted
.50 - .71P, moderately well sorted
.71 - 1.00, moderately sorted
1.0 - 2,09, poorly sorted
2.0 - 4.00, very poorly sorted

over 4,00, extremely poorly sorted

) or Inclusive Graphic Skewness (S, )

Graphic Skewness (S K
I

Ke
The graphic skewness is an indicator of the amount of asymmetry of the dis-
tribution curve. In essence, it is a measure of the amount of displacement of

the median (ﬂso) from the graphic mean (Mz). Thus, graphic skewness is a
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measure of the amount of excess fine material (positive skewness) or excess
coarse material (negative skewness) present in the sediment. Since most
skewness occurs in the "tails" of the distribution curve, use of the Inclusive

Graphic Skewness (S is preferable.

KI)

Values of ﬂ5 and/or ﬂ95 were not obtained for most of the fine-grained samples

in this study, so that the Graphic Skewness (SK ) was used for those samples.
G

Skg = Paa ¥ Prg - o)/ Py - Py

Although not as encompassing as the Inclusive Graphic Skewness, the graphic
skewness is still a useful parameter, which is commonly used in sedimentary
petrology studies. Folk's classification of skewness, based upon values of
S, f(or SK ), was used in this study to assign skewness descriptions to the

K
I G

sediments. Folk's skewness classification is given below.

SKI (or SKG) from +1.00 to +.30, strongly fine skewed
+.30 to +.10, fine skewed
+.10 to -.10, near symmetrical
-.10 to -.30, coarse skewed

-.30 to -1.0, strongly coarse skewed
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APPENDIX C
Clay Mineralogy
Procedure

The following procedure was used to obtain diffraction patterns of the
sediment samples: ‘
1. The sample was crushed with mortar and pestle.
2. The sample was placed in a centrifuge jug, and water was added to fill
the jub.
3. Six to twelve drops of Calgon (sodium hexametaphosphate) were added to
aid n dispersion and to prevent flocculation.
4, he wolution was mechanically disaggregated in a mixer for 3 minutes.
5. The solution was centrifuged for 2 minutes at 1000 rpm, in order to obtain
dhe i{2ss than 2 micron clay-size fraction.

6. ih

o]

iay solution was eyedropped onto glass slides and allowed to dry at
room temperature, producing oriented slides.

7. Once dry, a slide was placed in an ethylene glycol atmosphere for 24 hours.

8. An X-ray diffraction pattern was obtained for the glycolated slide. (Each

X-ray run was from 32°20 to approximately 2°2p).
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APPENDIX D

Heavy Mineral Analyses

Procedure

Heavy Liquid Separation

1.

(93]
.

A separatory funnel was secured to a ring stand, and a filtering funnel

and receiving flask were placed beneath the separatory funnel.

200 m1 of bromoform (heavy liquid, SG=2.85) was poured into the separatory
funnel.

The sample was slowly added, the funnel shaken.vigorously, and the heavy
minerals allowed to settle.

Heavy minerals, which had settled to the bottom of the funnel, were released
to the filtering funnel, where they were rinsed with acetone and then allowed
to dry.

Light minerals were then released to a different filtering funnel, where they
were rinsed with acetone and allowed to dry.

The 1ight and heavy mineral fractions were then weighed and recorded.

The Tight minerals were saved for microscopic examination.

Magnetic Separation

1.

Prior to separation on the Franz Isodynamic Separator, magnetic minerals were
removed from the heavy mineral fraction with a hand magnet, to prevent
clogging of the separator.

Magnetic separation of the remainder of the heavy mineral fraction was per-
formed on the Franz separator. Six settings of amperage were used to separate
the heavy minerals into seven groups of various magnetic susceptibilities.

These were 0.10, 0.25, 0.50, 0.75, 1.00, and 1.30 amps. For every setting a

+

-153-



slope of 25 and a tilt of 15° was used.
Each fraction was then weighed and recorded.
The samples were saved for mineral identification under the binocular and

petrographic microscopes.
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NON-HEAVIES

miscellaneous
zircon

rutile (yellow-brown)
rutile (red-brown)
kyanite

black opaques
clinopyroxene
rounded blue-green
biotite + chlorite
actinolite (clear)
actinolite (brown)
actinolite (green)
almandine

epidote

hornblende

jdocrase

SAMPLE

#120 Mesh - 0.10A + Magnet

50
10

40

DBW-1

20

10

20

20

30

DBW-2

60
10

10

20

DBE-6

~-155~

50

10

30

DBE-14

95

DBE-18

50 75 95 80

20

30 20 5 20

UBE-3
UBE-4
UBE-8
UBE-10

55
15

25

SHW-0



NON-HEAVIES

miscellaneous

Zircon

rutile (yellow-brown)
rutile (red-brown)
kyanite

black opaques
clinopyroxene 10
rounded blue-green
biotite + chlorite
actinolite (clear)
actinolite (brown)

actinolite (green)

almandine

epidote

hornblende

idocrase 90
Ll
)
a. —
= ]
<C =
w) [an]

[am}

#120 Mesh - 0.25A

10

10

20

20
40

DBW-2

20

20

10

30
30

DBE-6
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25

20

10

40

DBE-14

55
10

25

DBE-18

20
75

UBE-3

20
70

UBE-4

10

20
65

UBE-8

10

10

75

UBE-10

10

10

10
70

SHW-0



#120 Mesh - 0.50A

NON-HEAVIES

miscellaneous

zircon

rutile (yellow-brown)

rutile (red-brown)

kyanite

black opaques

clinopyroxene 10
rounded blue-green

biotite + chlorite 10

actinolite (clear)

actinolite (brown) 5

actinolite (green) 30

almandine 25 5

epidote

hornblende 15 40

idocrase 50 10
5§
- — N
o ] ]
= = =
<C [aa] [aa]
w o o

25

50
20

DBE-6
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20
30

10
30
15

DBE-14

10
25

30
20

DBE-18

20
20
10
10
20
20

UBE-3

10
10

45
25

UBE-4

10

40
40

UBE-8

10
10
10

30
40

UBE-10

15
30

25
30

SHW-0



NON-HEAVIES

miscellaneous
zircon

rutile (yellow-brown)
rutile (red-brown)
kyanite

black opaques
clinopyroxene
rounded blue-green
biotite + chlorite
actinolite (clear)
actinolite (brown)
actinolite (green)
almandine

epidote

hornblende

idocrase

SAMPLE

20

10

30
25
15

DBW-1

#120 Mesh - 0.75A
5 5
5 5

20 20 5
30 10 25
40 40 60

30

[oN] O :I'_
1 ) ]
= [ NE] Ll
a8 a a
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10
20

60

DBE-18

10

20
30

40

UBE-3

30
30

40

UBE-4

10

65
10

UBE-8

20
10

60
10

UBE-10

20
15

25
25

SHW-0



#120 Mesh - 1.0A

NON-HEAVIES X

miscellaneous

zircon

rutile (yellow-brown)

rutile (red-brown) ‘ 5
kyanite

black opaques

clinopyroxene 30 10 10 X

rounded blue-green 10 20 15 20 20 30
biotite + chlorite 10

actinolite (clear) 10 10 20 5 X

actinolite (brown)

actinolite (green) 10 30 10 10 20
almandine
epidote 50 60 70 60 70 60 80 70 70
hornblende . 5
idocrase
[N ] < 0 (e
- ~— [qV] (Vo) — ~— ™ < o8} — o
[ ] ] I ] ] ] 1 ] ] ]
= = = (WA ] il (N (WN] [NE] il (WN] =
<C [aa} [an] [an) [aa] (an] [an] o o o pn
(70] o a [ o o o o > ] w

X = Heavy mineral percentage could not be estimated due to an abundant light mineral
contamination. X indicates mineral present. No percentage estimate could be made.
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. #120 Mesh - 1.30A

NON-HEAVIES X X X X X X X
miscellaneous 10 X

zircon ‘ 10
rutite (yellow-brown) 20 X

rutile (red-brown) 20 X 40
kyanite

black opaques

clinopyroxene 10

rounded blue-green : X X
biotite + chlorite

actinolite (clear) X

actinolite (brown)

actinolite (green) 20 X X X 40
almandine
epidote 70 80 X 70 10
hornblende
idocrase
[FS] < (ce] o
— — [aN] (Vo) — — o < (o0} ~— o
o ] ] ] ] 1 ] ] ] ] ]
= = = [¥7] L L td [FY] (T3] L =
<C o [an] [aa] [aa] 2] [aa] o o o xI
w o o o (=] o ] o = s w
'I. X = Heavy mineral percentage could not be estimated due to an abundant Tight mineral
contamination. X indicates mineral present. No percentage estimate could be made
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D #120 Mesh - >1.30A

NON-HEAVIES X X X X X X X X X X
miscellaneous
zircon 40 30 50

rutile (yellow-brown)

rutile (red-brown) 20 X 60 X 30 X x 70 40
kyanite 10 10 X X X 30 X 60
black opaques

clinopyroxene

rounded blue-green

biotite + chlorite

actinolite (clear)

. actinolite (brown)
actinolite (green)
almandine
epidote
hornblende
idocrase
[ TN ] < (o0} o
] — N (Vo] — — (32} < e o] — o
a. ] ] ! ! L} ] ] ] ' ]
= = = Lt wi Lot [FH] Ll [FH] L =
<C [a0] [aa} [an} [aa] [an] [an] [an] [an] [aa] I
w o a a a o pm D o e ] w
. X = Heavy rpinera] percentage could not be estimated due to an abundant light mineral
contamination. X indicates mineral present. No percentage estimate could be made.
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